Substance use trajectories were examined from early adolescence to young adulthood among a diverse sample of 998 youths. Analysis of longitudinal data from ages 12 to 24 identified distinct trajectories for alcohol, marijuana, and tobacco use. Modeling revealed 8 alcohol, 7 marijuana, and 6 tobacco use trajectories. Analyses assessed risk for substance use problems in early adulthood within each trajectory, as well as overlap among alcohol, marijuana, and tobacco use trajectories. Findings confirmed that adolescents with early-and rapid-onset trajectories are particularly vulnerable to the development of problematic substance use in early adulthood. However, analyses also identified an escalating high school onset trajectory for alcohol and for marijuana use that was equally prognostic of problem use in adulthood. Moreover, tobacco use in early adolescence was associated with developing high-risk marijuana and alcohol use patterns. Random assignment to the Family Check-Up intervention was found to reduce risk for membership in the high-risk marijuana use trajectories, suggesting that family-based approaches delivered during adolescence can prevent escalations to problematic substance use. These findings suggest the importance of developmental heterogeneity and equifinality in considering prevention for alcohol and drug use.
Past research has shown that early substance use is a risk factor for later substance-related problems (Anthony, 1991; Robins & Przybeck, 1985) . Analysis of substance use trajectories, however, provides a more nuanced perspective on movement through substance use risk. Most of this past trajectory work, described later in this article, has been limited to the adolescent years and has not included information about the development of substance use problems in early adulthood. Our study was designed not only to model trajectories of substance use across adolescence (i.e., middle school, high school, and post-high school years) but also to examine the overlap between those trajectories and their relationship to young adult substance use problems.
Existing evidence suggests that use of alcohol, tobacco, and marijuana is heavier among youths who start early in adolescence. Children who have used alcohol by Grade 7 exhibit more and heavier substance use (alcohol, illicit drugs, and tobacco), are more likely to have substance use problems, and are more likely to exhibit criminal behavior in both late high school and young adulthood than are those who have not used by Grade 7 (Ellickson, Tucker, & Klein, 2003) . Early alcohol or tobacco use also relates to later use of illicit drugs (Kandel, Yamaguchi, & Chen, 1992) . Among people who use illicit drugs, the earlier they initiated use, the more likely they are to demonstrate drug abuse or drug dependence (Grant & Dawson, 1998) . Similarly, early-adolescence alcohol use initiation corresponds to greatly increased risk for alcohol misuse (Hawkins et al., 1997) and alcohol use disorders (DeWit, Adlaf, Offord, & Ogborne, 2000) .
Multiple mechanisms have been proposed through which early substance use initiation influences later substance use problems. The majority of these fall into two categories. In one, early substance use is a marker of an underlying vulnerability (genetic, environmental, or both) that continues to influence behavior as an individual develops. For example, impulse control problems and problems with emotion regulation predict a host of harmful behaviors, from early substance use initiation to excessive substance use to deviant and criminal behavior (Mezzich et al., 2007; Tarter et al., 2003) . Problem behavior theory posits an underlying susceptibility to a range of problem behaviors but specifies interactions between personlevel vulnerabilities and the social environments in creating that susceptibility (Jessor, 1987; Jessor & Jessor, 1977) . The second category involves proposed mechanisms through which the early initiation of substance use itself is a direct influence on future substance use and type of future substance use. Gateway hypotheses (e.g., Cleveland & Wiebe, 2008; Kandel et al., 1992) fall into this category, as do theories in which early substance use creates an interpersonal context in which youths self-organize into substance-using friendships, which in turn lead to more opportunities to use substances and to engage in multiple problem behaviors and establish deviant norms (e.g., Dishion, Nelson, & Bullock, 2004; Dishion & Owen, 2002) .
Despite the wealth of research about early substance use initiation, fewer studies have examined the relationship between these behaviors at the time of early initiation. These relationships are important for understanding and testing the mechanisms previously described, that is, understanding whether youths who initiate one substance early are at greater risk of initiating the use of other substances, and whether certain substance use appears to be a prerequisite for other substance use. The Monitoring the Future study, which collects information about the substance use of a nationally representative sample of students in Grades 8, 10, and 12 each year, consistently finds that alcohol is the most commonly used substance (more than 50% of Grade 8 students have tried it, and more than 20% have used it in the past 30 days), followed by tobacco (.45%, .18%), then marijuana (.20%, 10%) and inhalants (.19%, .5%), with other illicit drugs having a much lower prevalence of use (Wallace et al., 2003) . However, these numbers do not tell us about the overlap among these behaviors.
Research consistently shows a relationship between substance use of all kinds and other problem behaviors, as well as their predictors (Barnes, Welte, Hoffman, & Dintcheff, 2005; Jessor, 1987; Komro, Tobler, Maldonado-Molina, & Perry, 2010) . In terms of the specific relationship (causal or otherwise) between initiation of different forms of substance use, the findings are mixed. Alcohol and tobacco use appear to influence each other across time (Jackson, Sher, Cooper, & Wood, 2002) . In general, adolescents begin using alcohol and/or cigarettes prior to initiating marijuana use, and among those who progress further, marijuana use precedes use of other illicit substances (Ellickson, Hays, & Bell, 1992; Kandel et al., 1992) . Longitudinal study of this sequence also suggests that adolescents add substances rather than substitute them, continuing to use alcohol or marijuana when they initiate use of harder substances (Ellickson et al., 1992) . However, one study of serious drug users suggests that only one third followed the typical sequence of substance use initiation, suggesting that the greatest risk might be willingness to use more serious substances early rather than substances such as alcohol, tobacco, or marijuana (Mackesy-Amiti, Fendrich, & Goldstein, 1997) .
The Mackesy-Amiti et al. (1997) study points to the importance of considering individual patterns of behavior across time. It may be those who deviate from the aggregated norm whose behavior is the most interesting in terms of risk and prevention. In addition, these individual patterns can shed more light on various pathways and mechanisms through which substance use problems develop.
There is clearly a need for a science of the development of substance use problems from adolescence to young adulthood. A description of typical developmental patterns that are both low and high risk will provide a scientific framework for thinking about atypical development. For example, it may be that early initiators can be divided into youths with strong underlying vulnerabilities for whom early initiation simply reflects the beginning of a cluster of problem behaviors set into motion by those vulnerabilities, and youths for whom the early initiation is more circumstantial. For the second group, pathways might further diverge into those whose initial substance experience leads to a predictable course of substance experimentation and those more resilient youths whose early initiation never progresses beyond low to moderate use.
Trajectory Research
Trajectory approaches facilitate examination of the multiple developmental courses of a behavior instead of average group levels at each time point. Trajectory modeling, which allows for nonlinear behavior progressions, can help empirically identify groups within a sample that evidence similar behavioral patterns across time. Applied to the study of the development of substance use and related problems, trajectory approaches help us identify different pathways through which individuals initiate, progress, and desist in their substance use, as well as the correlates, predictors, and outcomes of those pathways. Different trajectories, such as stable trajectories versus those that fluctuate, might indicate different etiological pathways toward the development of substance use problems (e.g., pathways similar to Type I and Type II conceptualizations of alcohol use disorders or Tarter and colleagues' description of nontransmissive vs. transmissive liability; Cloninger, Bohman, & Sigvardsson, 1981; Tarter, Horner, & Ridenour, 2012) . For adolescents and young adults, shifts in trajectories (e.g., from stable use to escalation or from escalation to desistence) likely reflect critical periods either at the individual level (e.g., transition to a new school, parental divorce, or initiation into a new peer group) or, for common trajectories, at the societal level (e.g., transition from middle to high school; transition from high school to college; or assumption of adult roles, such as employment and family). These trajectory shifts also mark key time points for intervention. Past trajectory research is reviewed in the following subsections. Because this research has primarily involved single substances, each of these substances is addressed separately. However, understanding the overlap between substance use trajectories is essential for understanding the etiology of substance use problems; thus, the research to date on trajectory overlap is reviewed at the end of this section.
Alcohol
Trajectory research on the development of alcohol use in middle school and high school most often reveals trajectories of use that involve steep increases during the transition from middle school to high school, often in the first year of high school (Li, Barrera, Hops, & Fisher, 2002; Li, Duncan, & Hops, 2001 ). The number of trajectories found during this time period varies by method and measures, but most studies have found four to five. All these studies find a low-or nodrinking trajectory that remains stable throughout the middle school and high school years, a chronic trajectory that escalates quickly and then remains stably high, and a more gradually increasing trajectory. In all cases, the low/no drinking trajectories are the most common, followed by the gradual increasers, and the chronic pattern represents the smallest group (Chassin, Pitts, & Prost, 2002; Colder, Campbell, Ruel, Richardson, & Flay, 2002; Hill, White, Chung, Hawkins, & Catalano, 2000; Martino, Ellickson, & McCaffrey, 2009) . Table 1 describes the findings of past trajectory work on alcohol, marijuana, and tobacco use.
Late adolescence and young adult alcohol use trajectory patterns are similar to those for middle and high school, though their distribution is different (e.g., more individuals fall into drinking trajectories and fewer fall into nondrinking trajectories). Again, as many as five trajectories emerge, and again they include a large low/no drinking group and a small rapidly escalating or chronically high-level group Schulenberg, Wadsworth, O'Malley, Bachman, & Johnston, 1996; Windle, Mun, & Windle, 2005) . The trajectories that fall between these two vary by study but tend to include a late-onset trajectory similar to that found in the middle and high school studies, but with drinking commencing during the transition from high school to young adulthood and then escalating. Multiple studies also have found a decreasing or U-shaped trajectory in these years that represents developmentally limited drinking patterns: adolescents or college-age students who drink heavily but then mature out of these heavy drinking patterns Schulenberg et al., 1996; Windle et al., 2005) .
Studies that have investigated drinking trajectories and young adult outcomes suggest that, as one might expect, individuals who drink chronically throughout middle school, high school, and young adulthood or who rapidly escalate their drinking behavior during these years are at the greatest risk of young adult substance use problems (Chassin et al., 2002; Colder et al., 2002; Hill et al., 2000) . One surprising finding from Hill et al.'s (2000) study was that their group of late-onset rapid escalators had poorer substance use related outcomes than did the chronic group. It is not surprising that light drinkers and abstainers are at the least risk.
Overall, these studies suggest that there is significant heterogeneity in alcohol use patterns from adolescence through young adulthood and that this heterogeneity is to some extent predictive of alcohol use problems. Trajectories in the middle and high school years are characterized by different levels of escalation, whereas trajectories that follow individuals through their 20s begin to reflect patterns of desistance and reduction. Although there is a clear link between chronic trajectories and later substance use problems, very little research has successfully discriminated other trajectories of use from each other in terms of later consequences.
Tobacco
The most common tobacco use trajectory in middle school and high school, similar to alcohol, is no use throughout (Abroms, Simons-Morton, Haynie, & Chen, 2005; Bernat, Erickson, Widome, Perry, & Forster, 2008) . Smoking trajectories during this time period mirror alcohol use trajectories, though studies tend to find more trajectories for smoking than for alcohol use. Multiple studies have found a rapidly escalating chronic use trajectory, similar to that for alcohol, and a later onset, more gradually escalating trajectory, also similar to that for alcohol use. Fewer than 10% of participants fell into the chronic trajectory during this time period, across studies (Abroms et al., 2005; Colder et al., 2001) . Whereas the most common number of trajectories among alcohol use studies appears to be five, tobacco use studies tend to find six trajectories (Bernat et al., 2008; Colder et al., 2001) . One of these is an experimenter trajectory in which individuals do not escalate their use but smoke occasionally throughout (Abroms et al., 2005; Bernat et al., 2008; Colder et al., 2001) . Another is U-shaped, in which smoking begins to decrease in the late teen years (Bernat et al., 2008) . Finally, some studies find additional escalating trajectories that escalate later than those of chronic users but either escalate more quickly than the late-onset, gradual trajectory or escalate to higher levels (Colder et al., 2001) .
Several studies of smoking trajectories have extended their follow-up beyond high school and investigated trajectories from early adolescence through the early to mid-20s or even into the 30s. Again, these studies tend to find six trajectories (Chassin, Presson, Pitts, & Sherman, 2000; Costello, Dierker, Jones, & Rose, 2008; Lessov-Schlaggar et al., 2008; Maggi, 2008; Orlando, Tucker, Ellickson, & Klein, 2004) . The prevalence of the nonsmoking trajectory is slightly lower in these studies than in those involving only middle and high school, but it is still in the range of 30% to 50% (Brook et al., 2008; Chassin et al., 2000; Costello et al., 2008; Lessov-Schlaggar et al., 2008; Maggi, 2008; Orlando et al., 2004; Riggs, Chou, Li, & Pentz, 2007; White, Pandina, & Chen, 2002) . Studies that investigate smoking trajectories and young adult outcomes find that nonsmokers and experimenters experience fewer substance use problems as young adults than do others, and that early escalating and chronic smokers are at greater risk for drug use problems, in particular, than are others (Orlando et al., 2004) .
Overall, tobacco use trajectories are similar to those for alcohol use, though there appears to be more heterogeneity in patterns, primarily accounted for by desistance patterns that begin earlier and a wider range of levels of smoking (e.g., variance in number of cigarettes smoked). Heavier and earlier use relates to later nicotine dependence, and early, chronic trajectories also appear to relate to later alcohol use and drug use problems.
Marijuana
Less research has been conducted on marijuana trajectories throughout adolescence. The studies that do exist have found a range of use trajectories, from three to six (Brown, Flory, Lynam, Leukefeld, & Clayton, 2004; Ellickson, Martino, & Collins, 2004; Schulenberg et al., 2005; Windle & Wiesner, 2004) . All include a no/low use trajectory and early onset/ chronic trajectory, similar to those of other substances. Only two studies have related marijuana use trajectories to young adult outcomes. One found that individuals who fell into any of the groups that used marijuana more than occasionally had higher likelihood of hard drug use at age 29; occasional users had a higher likelihood of hard drug use than did nonusers . The other found that high-level users and gradual increasers were at greater risk of a marijuana use disorder in adulthood than were others (Windle & Wiesner, 2004) .
Overall, marijuana use trajectories appear quite similar to those for both alcohol and tobacco use and appear to be associated with other drug use disorders in young adulthood.
Multiple trajectories
Several studies have investigated co-occurrence of multiple substance use trajectories. As shown in Table 1 , these studies have demonstrated significant overlap between various substance use trajectories. Not only are adolescents who use one substance more likely to use another, but in studies that found similar trajectories for each substance, adolescents who belonged to a specific trajectory for one substance were more likely to belong to that same trajectory for another substance (e.g., Flory, Lynam, Milich, Leukefeld, & Clayton, 2004; Jackson, Sher, & Schulenberg, 2008) .
In terms of outcomes, researchers Orlando, Tucker, Ellickson, & Klein, 2005; Wanner, Vitaro, Ladouceur, Brendgen, & Tremblay, 2006) have found that adolescents with early onset of these behaviors were at greater risk for poor substance-related outcomes in adulthood. Late onset of either alcohol use or marijuana use was not linked strongly to these poor outcomes, but late onset and escalation of more than one behavior did predict risk for later problems. In Flory et al.'s (2004) study, early-onset alcohol users had a greater likelihood of both alcohol and marijuana dependence in young adulthood than did late-onset users, who had higher likelihoods than did nonusers. For marijuana, this same pattern emerged for alcohol dependence, but both marijuana-onset groups were indistinguishable from each other in terms of risk for marijuana dependence. In Orlando et al.'s (2005) study of alcohol and smoking trajectories, members of the high-use and early-increasing trajectories were more likely to experience alcohol and drug use problems in young adulthood than were the gradual increasers and the decreasing smokers, who in turn had greater likelihood of these problems than did the nonusers or normative users.
Limits of past work
Past trajectory work has provided valuable information about individual differences in substance use patterns from early adolescence to adulthood. In particular, the work has clearly identified a pathway to substance use problems that involves early initiation and chronic use, as well as the use of multiple substances. This trajectory likely maps onto frameworks that specify a group of individuals with underlying genetic and/ or emotion and impulse regulation vulnerabilities. However, multiple substance trajectory work has been limited to a handful of studies, and even fewer have investigated the outcomes of those multiple trajectories. In particular, while a base of research has clearly discriminated heavy chronic users from no/ low users of various substances in terms of their outcomes, much less is known about the developmental outcomes of other patterns and trajectories of substance use that emerge during adolescence. These are the trajectories that appear to be more amenable to environmental influences and potentially to interventions, and thus are an important target of study.
Our study adds to the existing literature by examining multiple trajectories, measuring these trajectories from middle school through young adulthood, and examining how these trajectories relate to substance use outcomes. To our knowledge, no study has examined alcohol, marijuana, and tobacco use trajectories conjointly across more than 10 years. Those that have examined multiple trajectories across similar age ranges (e.g., Flory et al., 2004; Orlando et al., 2005) were conducted 10 years prior to our study. In addition, our study focuses on trajectory shape, as well as onset, and investigates how different trajectory shapes that share similar age of onset differentiate outcomes.
Current Study
The current study analyzed longitudinal substance use data from a large, diverse sample of adolescents from age 12 to age 24 to identify trajectories of substance use and how those trajectories relate to young adult substance use outcomes. The primary aims of the study were to (a) identify trajectory groups and their prevalence for alcohol use, marijuana use, and tobacco use, and examine whether inclusion of data beyond high school establishes trajectories that differ from those identified in previous research; (b) investigate whether specific trajectories of alcohol, marijuana, and tobacco use tend to co-occur; and (c) determine whether aspects of trajectories beyond age of onset suggest increased risk for young adult substance use problems. We hypothesized that our study would identify trajectories similar to those found in past research, but that additional trajectories would emerge based on inclusion of data gathered beyond high school. We also expected significant co-occurrence between trajectories for different substances. We did not generate specific hypotheses about how the shapes of trajectories might relate to outcomes, because of the exploratory nature of these analyses.
Methods

Participants
The participants were 998 students enrolled in a longitudinal intervention study that began when they were in Grade 6 and continues to collect data about the participants, now in their 20s. The study follows two cohorts of adolescents separated by 2 years and initially spread across three schools in various neighborhoods of a medium-sized Northwest city. Half of the classrooms within these schools received a classwide intervention program. All students from Grade 6 classrooms in three schools were recruited for the study, which began in 1996. The recruitment rate was 95% for Cohort 1 and 83% for Cohort 2. The study has retained approximately 80% of the original two cohorts from Grade 6 to 2 to 3 years beyond high school. The sample is 42% European American, 29% African American, 7% Hispanic, 6% Asian American, 2% Native American, and 14% multiracial. Forty-seven percent of the sample is female. The current study analyzed data from nine survey waves conducted in Grades 6, 7, 8, 9, 11, and 12, as well as 1 year, 4 years, and 5 years post-high school. Participants were 11-12 years old at the beginning of the study and 23-24 years old at the last survey wave; see Dishion and Kavanagh (2000) for more information about the sample and design of the study. For the current analyses, we excluded the 11% of participants who had missing data at more than three waves. These excluded participants did not differ significantly (i.e., p , .05) from the rest of the sample on any baseline variables (i.e., ethnicity, college attendance, intervention status, alcohol use, tobacco use, or marijuana use) except gender. Excluded participants were more likely to be male (68%) than were participants in the final sample (32%), x 2 (1, N ¼ 998) ¼ 10.8, p , .01. The final sample for our study included 890 participants.
Procedures
From Grade 6 through Grade 9, participants completed questionnaires one time each year in their classroom. In Grades 11 and 12 and at ages 19-20, 22-23, and 23-24, participants completed questionnaire packets that were mailed to them. The questionnaires included a variety of measures, including questions about demographics, mental health, substance use, family relations, and peer relations.
Family intervention. In middle school, half of the sample was randomized to a Family Check-Up (FCU). The FCU is a three-session intervention that consists of an initial interview, an assessment session, and a feedback session by a trained parent consultant. Following the FCU, some families are provided with follow-up services that focus on supporting skillful family management practices. The intervention is described in considerable detail in three books (Dishion & Kavanagh, 2003; Dishion & Stormshak, 2007; Dishion, Stormshak, & Kavanagh, 2011) . For the current study, we included intervention status as a predictor of trajectory membership.
Materials
At every time point, participants answered demographic questions and a series of questions about their substance use. The study also obtained juvenile and adult arrest data about all participants, including information about substance-related arrests for alcohol (e.g., driving under the influence) and marijuana (e.g., possession).
Substance use questions. The Community Action for Successful Youth survey (Metzler, Ary, & Biglan, 2002) , administered at each wave in this study, includes a series of questions about alcohol, marijuana, and cigarette use in the past month. Specifically, at each data collection wave, participants answered the following questions: "How many cigarettes have you smoked, even a puff, in the last month?" "How many drinks of alcohol have you had in the last month?" and "How many times have you smoked marijuana in the last month?" Response options for cigarettes included integers between 0 and 9, inclusive: 10 ¼ 1/2 pack, 11 ¼ 1 pack, 12 ¼ 2 packs . . . 20 ¼ 10 packs, 21 ¼ 11-20 packs, 22 ¼ 21-30 packs, and 23 ¼ 31 or more packs. For alcohol and marijuana, response options included integers between 0 and 10, inclusive: 11 ¼ 11-20, 12 ¼ 21-40, and 13 ¼ 41 or more. The survey also includes a question about stimulant use; however, very few participants reported any stimulant use at all across the study, so these data were not modeled.
At the last two data collection waves, 4 and 5 years posthigh school (ages 22-23 and 23-24), participants also answered questions about frequency of substance use and about substance use problems. Specifically, participants indicated the frequency of their use of cigarettes, alcohol, and marijuana on an 8-point scale ranging from 0 (never) to 7 (2-3 times a day or more) for each substance. Participants also indicated whether they had tried unsuccessfully to stop using each substance, and for alcohol and for marijuana, whether they had trouble getting high and the extent to which they had experienced substance-related problems at school and/ or work. For alcohol, participants also indicated whether they had ever thrown up from drinking, whether they had ever passed out from drinking, whether they had ever lost or broken things when drinking, and how many times they had consumed five or more drinks in a row. To create composite "problematic use" variables for alcohol, marijuana, and tobacco at this age, we dichotomized the continuous variables at the median to indicate either "low" (coded 0) or "high" (coded 1) levels of use. Then, for each substance, we summed these variables. For alcohol and marijuana, we also included counts of alcohol-related and marijuana-related arrests, respectively, in the sum.
Analyses
Data were analyzed using a group-based trajectory modeling approach. We used the SAS-based procedure, Proc TRAJ, to create developmental trajectories from the alcohol, marijuana, and cigarette use data in the sample using a zero-inflated Poisson model. We tested two-to eight-group zero-inflated Poisson models and used the Bayesian information criterion, as well as examination of the trajectories, to deter-mine the best-fitting models. We selected the best-fitting model that maintained unique trajectories.
Model diagnostics. Nagin (2005) presents several diagnostics that can be used to assess the adequacy of a model. First among these is the average posterior probability, which is calculated for each trajectory group j (AvePP j ). In an ideal situation, each group has an AvePP j ¼ 1, which would indicate that each individual belongs in a given group with absolute certainty. However, such certainty rarely exists, and as the certainty declines, the AvePP j also declines. Nagin's (2005) criterion is an AvePP j of at least 0.7 for all groups. The second diagnostic presented in Nagin (2005) is the odds of correct classification (OCC), which is calculated for each group j (OCC j ). If the model has no predictive power, then OCC j equals 1. As the model becomes more predictive, OCC j increases. Nagin's (2005) criterion is an OCC j of at least 5.0 for all groups. The third diagnostic compares the probability of group assignment (Prob j ), which is calculated for each group j, with the actual proportion of individuals assigned to each group using the "maximum posterior probability classification rule" (Prop j ). If individuals were assigned to each group with absolute certainty (i.e., AvePP j ¼ 1 for all groups j), then the probability would equal the proportion assigned using the classification rule. As the assignment error increases, then the gap between the two figures will grow. Nagin (2005) provides no criterion but does point to a difference of 50% in the values as being uncomfortably large. We use and report all of these statistics as model diagnostics.
Predictors and outcomes. Predictors of trajectory membership were not the focus of this investigation. However, because past research has suggested that substance use patterns vary by gender and race, as well as by college status, we included them in our analyses. To investigate demographic predictors (i.e., race, gender, and college status) of trajectory membership, as well as control for intervention effects, we used "risk factor analysis" within Proc TRAJ. When examining predictors of group membership, group-based modeling provides the log odds of the impact of each predictor on the likelihood of membership in each trajectory group relative to a baseline or comparison group (see Nagin, 2005) . The results from this analysis can be considered a set of binary logistic regression models that predicts group membership in the designated comparison group versus each of the other groups in the model.
To investigate age 22-23 problematic substance use outcomes associated with trajectory membership, we used "outcome analysis" within Proc TRAJ. In an outcome analysis, posterior probabilities of trajectory group membership are used as weights for each individual's outcome value, and the resulting values are summed for each trajectory group to arrive at the group's average outcome value. The posterior probabilities represent the probability that each member of the sample belongs to each trajectory group in the model; together, the posterior probabilities for each individual sum to 1.0. Once each group's weighted outcome value is calculated, the values can be compared in a pairwise fashion using a Wald test.
Dual trajectory analysis.
To investigate overlap between trajectories, we used dual trajectory analysis. Dual trajectory analysis (Jones & Nagin, 2007; Nagin, 2005 ) is based upon the posterior probabilities of group membership. When two sets of trajectories are brought together (e.g., trajectories of alcohol and of marijuana use), each individual will have two sets of posterior probabilities representing membership in each of the sets of trajectories. Using these probabilities, the joint likelihood of membership in each possible combination of trajectories can be calculated. In our study, we examined the membership of each trajectory group for each substance in terms of the other substance trajectories. For example, the members of each alcohol use trajectory group were apportioned in terms of their membership in trajectories of tobacco and marijuana. In addition, we examined the most common trajectory overlap patterns and the overlap between high-risk trajectories.
Relationship between trajectory overlap and outcomes. To investigate the relationship between trajectory overlap and outcome, we assigned participants to their most likely trajectories for alcohol, marijuana, and tobacco use. For each substance, we established high risk, moderate risk, some risk, and no/low risk trajectory categories based on post hoc tests of the differences between trajectory groups on problematic substance use outcomes. This strategy resulted in each participant having a score between 1 (no/low risk trajectory group) and 4 (high risk trajectory group) for each substance use trajectory (i.e., alcohol, marijuana, and tobacco use). We then conducted hierarchical regressions with the following steps for each problematic substance use outcome:
Step 1: entered trajectory risk group corresponding to the outcome (e.g., alcohol trajectory risk group if outcome was problematic alcohol use); Step 2: entered other two trajectory risk groups;
Step 3: entered two-way interactions between trajectory risk groups; and Step 4: entered three-way interaction between trajectory risk groups.
Results
Alcohol
Alcohol use trajectories. The mathematically best-fitting trajectory model included eight trajectories. Model diagnostics suggested that we had a well-fitting model (see Table 2 ). Examination of the trajectories indicated that each reflected a unique pattern of alcohol use, so we chose to retain the eight-trajectory model. These eight trajectories, plotted in Figure 1 , included abstainers (14.2% of the sample), earlyonset low users (5.4%), young adult-onset moderate increasers (8.7%), young adult-onset moderate decreasers (8.4%), young adult-onset steep increasers (26.8%), post-high school-onset steep increasers (18.2%), high school-onset steep increasers (11.9%), and early-onset moderate increasers (6.2%).
Characteristics of alcohol use trajectory groups. Membership in alcohol use trajectories varied by gender, race, and college status (see Table 3 ). Being male predicted membership in the high school and post-high school-onset trajectories compared to the abstainer trajectory. Being European American predicted membership in the early-increasing, high school, and post-high school-onset trajectories compared to the abstainer trajectory. Finally, not attending college within 2 years of graduating high school was associated with membership in both early-onset trajectories. Neither gender, race, nor college status predicted the young adult-onset trajectories, compared to the abstainer trajectory. Random assignment to the FCU was not associated with membership in any of the eight alcohol use trajectories.
Alcohol use trajectory groups and age 22-23 problematic alcohol use. Table 4 shows age 22-23 problematic alcohol use outcomes for each alcohol use trajectory. Members of the abstainer and young adult-onset moderate increaser trajectories had low levels of problematic alcohol use disorders in young adulthood. Though the young adult declining trajectory members had relatively low levels of problematic use, the young adult steep increasing trajectory had higher problematic use outcomes than did the other young adult trajectories and the early-onset, low-use trajectory. Of the remaining trajectories, the high school-onset group had the highest levels of problematic use at age 22-23, followed by the post-high school-onset group and the early-onset increasers.
Marijuana
Marijuana use trajectories. The best-fitting trajectory model included seven trajectories. Model diagnostics suggested that we had a well-fitting model (see Table 2 ). Examination of the trajectories indicated that each reflected a unique pattern of marijuana use, so we chose to retain the seven-trajectory model. These seven trajectories, plotted in Figure 2 , included abstainers (52.5% of the sample), early-onset low/decreasing users (5.4%), young adult-onset low/decreasing users (9.4%), young adult-onset steep increasers (8.8%), post-high schoolonset high decreasers (6.5%), high school-onset steep increasers (10.5%), and early-onset high decreasers (6.2%).
Characteristics of marijuana use trajectory groups. Membership in marijuana use trajectories varied by gender, race, college status, and intervention status (see Table 3 ). Being male predicted membership in the high school-onset trajectory, and being female predicted membership in the early-onset low/decreasing use trajectory compared to the abstaining group. Being European American predicted membership in both young adult trajectories and the high school-onset trajectory compared to the abstaining group. Attending college within 2 years of graduating high school predicted membership in the young adult-onset low/decreasing trajectory, and not attending college within 2 years of graduating high school was associated with membership in the two earlyonset trajectories. Neither gender, race, college status, nor intervention status predicted the post-high school-onset trajectory. Finally, participants who did not receive the intervention were more likely to belong to the high school-onset trajectory than to the abstainer trajectory.
Marijuana use trajectory groups and age 22-23 problematic marijuana use. Table 4 shows age 22-23 problematic marijuana use outcomes for each marijuana use trajectory. Abstainers and early-onset, low-level users had relatively low levels of problematic marijuana use in young adulthood. The young adult-onset declining users and the early-onset high-level but declining users had the next lowest rates of problematic use, followed by the post-high school-onset declining trajectory. Both steep increasers, those with young adult-onset and those with high school-onset, had the highest rates of problematic use in their early 20s. 
Tobacco
Cigarette use trajectories. The best-fitting trajectory model included six trajectories. Model diagnostics suggested that we had a well-fitting model (see Table 2 ). Examination of the trajectories indicated that each reflected a unique pattern of cigarette use, so we chose to retain the six-trajectory model. These six trajectories, plotted in Figure 3 , included abstainers (38.8% of the sample), very low users (10.0%), post-high school-onset low/moderate decreasing users (9.8%), young adult-onset moderate increasers (11.5%), post-high school-onset steep increasers (18.9%), and early-onset steep increasers (11.1%).
Characteristics of tobacco use trajectory groups. Membership in tobacco use trajectories varied by gender, race, and college status (see Table 3 ). Being male predicted membership in the post-high school-onset steep increasing trajectory and the young adult trajectory compared to the abstainer trajectory. Being European American predicted membership in the post-high school-onset trajectories, the early-onset trajectory, and the low-user trajectory compared to the abstainer trajectory. Finally, not attending college within 2 years of graduating high school was associated with membership in the two steep increasing trajectories: early onset and posthigh school, as well as the post-high school low decreasing trajectory. Intervention status was not associated with membership in any of the trajectories. Alcohol, marijuana, and tobacco use trajectories Tobacco use trajectory groups and age 22-23 problematic tobacco use. Table 4 shows problematic tobacco use outcomes at age 22-23 for each tobacco use trajectory. Abstainers and low users had relatively low levels of problematic tobacco use in their early 20s. The post-high school-onset declining trajectory members had the next lowest level of problematic tobacco use, followed by the young adult trajectory members. The post-high school-onset steep increasers and early-onset steep increasers had equivalently high levels of problematic use at age 22-23.
Overlap between trajectories
Twelve percent of the sample belonged to the nonuser trajectories for all three substances. Slightly more than 1% belonged to the early-onset, high-use trajectories for all three substances. We used dual trajectory analysis to examine the overlap between trajectories for different substances. Tables  5-7 display the overlap between trajectories.
Alcohol trajectory and marijuana trajectory membership. For alcohol and marijuana, 14.2% of the sample qualified as nonusers of both substances throughout the study. Almost all the members of the abstainer trajectory for alcohol (98.0%) also belonged to the abstainer trajectory for marijuana use. The converse was not true; only 33.4% of marijuana abstainers also belonged to the alcohol abstainer trajectory. Almost all individuals who used marijuana used alcohol at some level through adolescence and young adulthood. However, many alcohol users did not use marijuana. Nonusers of marijuana who used alcohol were most likely to be members of the young adult-onset alcohol use trajectories, specifically the moderate-and high-use ones. Early-onset marijuana users were likely to be early-onset, high-use alcohol users but were also likely to belong to the young adultonset, moderate-decreasing alcohol trajectory. Early-onset, high-use alcohol trajectory members were also most likely to belong to the early-onset, high-use marijuana use trajectory. Almost half of the individuals who belonged to the high school steep-increase marijuana trajectory also belonged to that trajectory for alcohol, and a quarter of those individuals belonged to the post-high school, steep-increase alcohol trajectory.
Alcohol trajectory and tobacco trajectory membership. For alcohol and tobacco, 12.4% of the sample qualified as nonusers of both substances throughout the study. A large majority of the members of the abstainer trajectory for alcohol use (90.2%) also belonged to the abstainer trajectory for tobacco use. Again, the converse was not true; only 35.7% of tobacco abstainers also belonged to the alcohol abstainer trajectory. Almost all individuals who used tobacco used alcohol at some level throughout the study, but the converse was not true. Nonusers of tobacco who used alcohol were most likely to be members of the young adult-onset, high-use alcohol use trajectory. Early-onset tobacco users were likely to be earlyonset, high-use alcohol users but were also likely to belong to the high school-onset alcohol trajectory. Early-onset, high-use alcohol trajectory members were also most likely to belong to the early-onset, high-use tobacco use trajectory. None of the individuals who belonged to the early-onset and high school-onset alcohol use trajectories belonged to the abstainer tobacco use trajectory; all used tobacco to some extent.
Tobacco trajectory and marijuana trajectory membership. For tobacco and marijuana, 37.6% of the sample qualified as nonusers of both substances throughout the study. The majority of the members of the abstainer trajectory for marijuana use (65.8%) also belonged to the abstainer trajectory for tobacco use. This was also the case for tobacco abstainers: 84.9% also belonged to the marijuana abstainer trajectory. Unlike the relationship between alcohol and marijuana, using either marijuana or tobacco was not strongly associated with using the other substance. However, young adult onset of the two substances was related. Almost 30% (29.5%) of young adult-onset tobacco users were also young adult-onset marijuana users, also showing a pattern of steep increase in use during this period.
Trajectory overlap and outcomes. When categorized by trajectory risk level, as described in the Methods section, 23.5% of participants qualified as no/low risk for all three trajectories, and 3.9% qualified as high risk for all three trajectories. As described in the Methods section, we ran three hierarchical regression analyses, one for each problematic substance use outcome. The results of these analyses are displayed in Table 8 .
For problematic alcohol use, alcohol trajectory risk level contributed significantly to the model, accounting for 47.5% of the variance in young adult problematic alcohol use, b ¼ 0.68, t (759) ¼ 26.2, p , .001; F (1, 758) ¼ 686.9, p , .001. The addition of marijuana trajectory risk level and tobacco trajectory risk level improved the model, accounting for an additional 3.1% of the variance in young adult problematic alcohol use, F (2, 756) ¼ 23.4, p , .001. Both marijuana trajectory risk level, b ¼ 0.13, t (759) ¼ 4.4, p , .001, and tobacco risk level, b ¼ 0.10, t (759) ¼ 3.7, p , .001, contributed significantly beyond the contribution made by the alcohol risk trajectory group. The addition of two-way interactions to the model accounted for an additional 1.6% of the variance in problematic alcohol use, F (3, 753) ¼ 8.3, p , .001; specifically, interactions between alcohol trajectory risk level and marijuana trajectory risk level, b ¼ 20.23, t (759) ¼ 22.3, p , .05, and between alcohol trajectory risk level and tobacco trajectory risk level, b ¼ 20.30, t (759) ¼ 23.4, p , .01, contributed to prediction. In both cases, being part of a high-risk marijuana or tobacco use trajectory increased problematic alcohol use, but only when alcohol trajectory risk level was low. The three-way interaction did not contribute significantly to the model. Note: EO, Early onset; YA, young adult onset; HS, high school onset; pHS, post-high school onset; , increasers; , decreasers. 
Discussion
Using trajectory modeling, we are able to identify two key features of longitudinal patterns of substance use. The first feature is the timing of onset, and the second is the changing level of use over time.
As would be expected, timing of onset was a key factor for developing problematic substance use by age 22-23, with no onset obviously having the lowest risk, followed in most cases by young adult onset. Earlier in this article we reviewed several studies that revealed robust prediction between early substance use onset and later problematic use. It is likely that this association reflects both contextual and psychological factors. Because use at an age prior to high school is not normative, those who engage likely share psychological and behavioral characteristics, such as impulsivity and risk taking. In addition, specific environmental factors, such as parental and peer substance use, that predict early initiation may also influence growth in use (see Capaldi, Stoolmiller, Kim, & Yoerger, 2009) .
However, in our study, for alcohol, high school and immediate post-high school-onset trajectory members were at similar risk as early-onset trajectory members; for marijuana, timing of onset appeared less important than other trajectory features (i.e., slope). For tobacco, the early-onset users and post-high school increasers were at greatest risk. At least for use that begins prior to young adulthood, it appears that the shape of the trajectories is more important than the timing of onset. For both alcohol and marijuana use, a steep increase in behavior appears to increase risk. For example, individuals who began drinking or using in high school and escalated their behavior quickly had higher levels of problematic use in adulthood than did those who began drinking or using earlier but did not escalate as quickly. For early-onset alcohol and marijuana users, a steep increase predicted higher levels of later problems. For tobacco, trajectory shape predicted problematic use (i.e., steep increasers had more problematic use). Overall, being European American, male, and not attending college increased a person's likelihood of belonging to many of these increasing trajectories. It is important to note that for all three substances, those with steeply increasing trajectories, particularly those centered around high school onset or onset immediately after high school, appear just as vulnerable, if not more vulnerable, to later problems than are those with early-onset trajectories.
For alcohol, only one trajectory exhibited declining use. This young adult-onset trajectory paralleled the other young adult trajectory until the last time point, at which time one trajectory declined and the other increased. To our surprise, the declining trajectory had more problematic use than the other trajectory had. The difference between the young adult-onset, moderate trajectory that increased and the one that declined (i.e., higher levels of disorder among the decliners) might reflect problem awareness. Those who declined did so because they recognized that they were beginning to have problems. Declining trajectories are more evident for marijuana use than for alcohol use and do not distinguish particularly problematic use. Four of the marijuana use trajectories were clearly declining, compared with only one alcohol use trajectory. This suggests that individuals age out of marijuana use more than they do alcohol use. For tobacco, it is notable that the two post-high school-onset trajectories differed in shape, with one increasing to high levels of smoking and the other smoking at low to moderate levels and then declining use; in this case, the increasers had higher problematic use scores, likely because the maximum level of use they achieved was greater than that of the other trajectories.
We found that for all substances, membership in the earlyonset trajectories related to education: early-onset users were less likely to attend college within 2 years of graduating high school than were others. For alcohol and tobacco, early-onset users were more likely to be European American than were abstainers. For alcohol and marijuana use, being male predicted membership in the high school-onset trajectories. For marijuana use, individuals who did not receive the study's intervention were more likely to belong to the high school-onset, rapidly escalating trajectory.
Our results share many similarities with those of previous studies but also advance a few new findings. As before, we found no/low use trajectories and early-onset trajectories, and they predicted young adult substance use problems (i.e., those in early-onset trajectories were more likely than others to experience problems, and those in the low/no use trajectories were less likely than others to experience problems). In terms of number and type of trajectories, we found more alcohol use and marijuana use trajectories than have most previous studies, but the same number of tobacco use trajectories. It is possible that the greater number of trajectories was an artifact of our methods for trajectory selection. However, the long follow-up period and multiple waves likely allowed for more complex trajectories to emerge. These additional trajectories included rapidly escalating drinking patterns with different onset times (i.e., high school, post-high school, and young adult for alcohol; high school and young adult for marijuana). In addition, they included trajectories with similar onsets but different shapes (i.e., three early-onset trajectories and three young adult-onset trajectories for alcohol; two early-onset and three young adult-onset trajectories for marijuana).
In studies most similar to our own Orlando et al., 2005; see Table 1 ), expected relationships were found between their trajectories and substance use outcomes. In general, nonusers or normative users had better outcomes than did members of late-onset or increasing trajectories, who had better outcomes than early-high or chronic trajectory members. Our findings differed from theirs in terms of the importance of trajectory slope as a risk factor. For alcohol, marijuana, and tobacco use, we found that steeply increasing trajectories that began in high school and even post-high school predicted substance use problems in young adulthood at least as well as early-onset trajectories. These findings can again be explained by the additional complexity in our trajectory models. Because of the large number of trajectories, we were able to compare trajectories with similar onsets but different shapes.
Overlap between trajectories
The patterns of overlap between trajectories clearly demonstrate that use of the three substances is linked. In particular, marijuana users and tobacco users were likely to use alcohol at some level. Conversely, individuals who abstained from alcohol use were very unlikely to use tobacco and even more unlikely to be marijuana users (i.e., ,2%). Tobacco use and marijuana use were less directly linked. Engagement with one substance was not strongly related to engagement with the other. However, across all substances, members of either early-onset trajectories or steeply increasing trajectories had greater likelihood of engaging with other substances at similar levels. The strongest overlap between similar trajectories was for high school-onset use of both alcohol and marijuana.
These results might suggest that alcohol serves as a sort of prerequisite for engagement with marijuana or tobacco. It is possible that individuals who engage in early or frequent alcohol use have more opportunities to engage with other substances, and alcohol thus serves as a gateway drug, as typically defined. However, further investigation of the patterns of overlap between trajectories does not strongly support this conclusion. Though early-onset marijuana users or tobacco users were likely to belong to early-onset alcohol use trajectories, many of them belonged to later onset alcohol use trajectories, suggesting a temporal ordering opposite what one would expect. More likely, whatever risk factors increase a person's vulnerability to engaging with one substance also increase that person's vulnerability to engaging problematically with other substances (see Epstein, Hill, Bailey, & Hawkins, 2013; Shaffer et al., 2004) . The prevalence of alcohol use (i.e., its presence among almost all tobacco and marijuana users despite the converse not being true) would then reflect more its availability and legality than a causal role in the onset of other substance use.
Belonging to more than one high-risk trajectory (e.g., earlyonset alcohol use and early-onset marijuana use) was associated with higher levels of problematic substance use in young adulthood for alcohol, marijuana, and tobacco. These effects were small: membership in a high-risk marijuana or tobacco trajectory increased the variance explained in problematic alcohol use by only 3% over the variance explained by alcohol use trajectory; for problematic marijuana and tobacco use, inclusion of additional high-risk trajectories increased variance explained by 4% and 1%, respectively. For problematic alcohol use, significant interactions between substance use trajectories also suggest that belonging to a high-risk marijuana or tobacco use trajectory raises the risk for problematic alcohol use in young adulthood, particularly when an adolescent's alcohol use trajectory was not high risk. These results suggest that high-risk use of one substance might contribute, albeit modestly, to later problems with another substance.
Risk processes
It appears that the pattern in which youths adopt substance use is linked to their tendency to develop problematic substance use. In contrast to previous research, we find that the steepness of the onset trajectory seems to be the most robust predictor of problematic use. In most cases, there seems to be substance use selection, in that previous use of the same substance predicts later use, with multiple substance use adding statistically significant but relatively small proportions of the variance. For most substance use, underachievement in education, being male, and being European American predict the steepness of the substance use trajectory. Marijuana use in high school was reliably reduced by random assignment to the FCU program. This finding fits with the most recent outcome analyses of the FCU on early-adult substance use, with random assignment associated with less marijuana dependence at age 23 (Véronneau, Dishion, Connell, & Kavanagh, in press ). These findings suggest that engagement of families in early adolescence is critical for reducing the onset trajectories of the most at-risk adolescents.
In some ways, the patterns of onset and the overlap suggest a syndrome perspective on the development of addiction (Shaffer et al., 2004) . Youths who steeply increase use of one substance are more likely to similarly adopt another substance (especially when marijuana is the focal drug). It is not known whether vulnerability to the rapid increase is secondary to poor self-regulation, genetic vulnerability to the rewarding properties of the drug, or social dynamics that emerge in the context of early drug use. Past research suggests that both poor self-regulation and social dynamics seem to predict escalations from use to dependence. Youths who initiate substance use in adolescence also self-organize into friendship groups that support specific lifestyle congruities, such as partying, substance use, and sexual activity (Dishion & Owen, 2002; Piehler, Véronneau, & Dishion, 2012; Van Ryzin & Dishion, 2014) . It has been proposed that self-organization into peer groups based on specific deviant activities is an evolutionary adaptation that is akin to selecting mates that are similar to oneself (Dishion, Ha, & Véronneau, 2012) .
However, it is also true that poor self-regulation seems to add to the influence of peers on substance use escalation and problems. Whether it results from cocreation of a social context that does not motivate self-regulation or a tendency for individuals with low levels of self-regulation to congregate into friendship groups remains unclear. Either way, the results of these trajectory analyses clearly suggest that specifically studying the rate of uptake of substance use patterns in middle adolescence to early adulthood is a key next step in our research agenda. Most studies of substance use examine use at a single point in time. It would be advantageous to use more frequent measurements and study the functional dynamic of substance use as it plays out in youths' active efforts to self-organize an interpersonal world and cope with adversities.
Limitations
The strengths of this study lie in its longitudinal design, multiple waves of data collection, diverse sample, and high retention rate. However, there are some limitations to the measures and their timing. In the primary measures used to define trajectories, participants are asked about their substance use in the past month. There are three potential limitations of this measure. First, participant recall might not be accurate. Second, because assessments were spaced by at least 1 year, participants' substance-using behavior in the past month might not be representative of their substance-using behavior since the last assessment. Third, using only one item to measure substance use at each time point is not ideal. Patterns of use may differ significantly depending on whether frequency, quantity, or other combinations of variables are measured . The measure in our study was specific to frequency; it does not provide information about how much individuals consumed on a day on which they used a given substance (e.g., whether they binged or chainsmoked). The study would have benefited from more robust measures of substance-using behavior. In addition, the problematic substance use composites incorporated measures that assessed frequency of use and thus overlapped conceptually with the trajectory-defining measures. Therefore, part of the association between trajectory and problematic substance use was necessarily a result of frequency of use.
Conclusions and future directions
This study identified trajectories of substance use throughout middle school, high school, and young adulthood, and assessed the relationship among those trajectories and the development of substance use problems. We found that, for both alcohol and marijuana, youths who began using in high school and steeply increased their use had risk for later problems equal to that of youth who began their use much earlier. Although early (i.e., prior to high school) onset of substance use remains a potent predictor of later problems and is potentially indicative of underlying vulnerabilities, high school appears to be another highly vulnerable period for youths. In addition, alcohol use appears to be a common denominator linking youths who use other substances. However, alcohol use does not necessarily precede the use of other substances for these youths, suggesting that it is less a gateway to other substance use and more just an additional expression of a pattern of substance-using behavior.
Although our study found slope and age of onset to be important predictors of later problems, these findings do not establish these trajectory components as causal factors. It is likely that psychosocial factors, such as impulsivity and social setting, for which age of onset is a proxy, carry more causal weight than age of onset itself. Similarly, the shape of a trajectory likely suggests precipitating events or the interaction between psychological and contextual factors that lead to slope changes and consequently to different outcomes. Having identified trajectories and corresponding "markers" (e.g., age of onset and steeply increasing slope), future work must determine what factors are potential causal influences on those trajectories and their markers. In addition, future research must identify what risk factors or transitions discriminate trajectories with similar onset ages but different shapes to determine who is at risk of escalation once substance use begins.
